In the short-bunch, high-frequency operating mode of the future Proton Storage Ring (PSR) at LAMPF,1 the extraction scheme will take out one bunch at a time. Because the ring only stores six bunches at most and because the bunching system is heavily beam loaded, each extraction can cause a substantial change in the average beam current and hence affects significantly the total bunching voltage as well as the phase synchronization between those remaining bunches and the voltage waveform.2 A time-dependent cavity-tuning scheme has been considered to retain the proper bunching voltage and phase relation. This work examines the stability of the phase synchronization3,4 in the transient stage of extraction and cavity tuning. An equivalent circuit model is adopted, and the coupled nonlinear differential equations are solved numerically. We find that the relative phase will remain stable and that the voltage variation is tolerable under the PSR proposed operating conditions. A comparison between the numerical and analytical solutions confirms the numerical results.
Introduction
The PSR now under construction will be an 800-MeV proton storage ring that uses stripping injection of H ions. A short-bunch, high-frequency mode will accumulate and store six l-ns bunches of 1011 protons each. The proton bunches will circulate at %60-ns intervals, and the accumulation will occur for 108 jis every 8.3 ms. The circulating bunches will be extracted one at a time at 11.4-ms intervals. A cw bunching system of 503.125-MHz frequency will be implemented to maintain the bunch structure. Because of the heavy beam (3) where j2 = -l and w (-3.16 x 109 s-l for the PSR) is the frequency of the driving rf power. In deriving the above equations, we have neglected small terms of order of ac/w. We also assumed that the time derivative of the voltage and/or current multiplied by e-'iwt is much smaller than w times that same quantity.
To complete the description of the beam-cavity interaction, we need to include the following equation of beam motion:
where (3 and 
Numerical Results
The coupled nonlinear differential equations, Eqs. (2)- (4) bunch out of two is extracted. In that case, 4'v rises to %38°and the voltage decreases to %87% of its normal value. We note that the amplitude of the synchrotron oscillation in the earlier stage of the process seems independent of the number of bunches in the ring. However, the synchrotron-oscillation damping rate is higher and the vibrations of the magnitude of the voltage are larger in Fig. 3 than those in Fig. 4 . A significant improvement can be achieved by starting the cavity tuning before the extraction. Figure 5 shows such an example, where the case considered is the same as the one in Fig. 4 except that the bunch is extracted at the time of t =1/a instead of 0. We see that the variation in the magnitude of voltage is not more than 3%, and the maximal excursion of Pv is 180.
The results for the cases of tuning following an exponential law are not shown here, but when the values of tuning parameters used in the exponential tuning are comparable to those in the linear tuning, the results obtained are also comparable and close. 
